Background: Combination of selumetinib plus docetaxel provided clinical benefit in a previous phase II trial for patients with KRAS-mutant advanced non-small-cell lung cancer (NSCLC). The phase II SELECT-2 trial investigated safety and efficacy of selumetinib plus docetaxel for patients with advanced or metastatic NSCLC.
Introduction
Selumetinib (AZD6244, ARRY-142886) is an oral, potent and highly selective, allosteric MEK1/2 inhibitor [1] with a short halflife [2, 3] . The RAS/RAF/MEK/ERK (RAS-ERK) pathway converges at MEK1/2, whose only known substrates are ERK1/2 [4, 5] . This pathway is implicated in growth and progression of various cancers, and can be activated by mutations in several components, such as RAS, BRAF or NF1 [4, 6, 7] .
Results of a Phase II trial demonstrated that selumetinib in combination with docetaxel (SEL þ DOC) improved clinical outcomes for patients with KRAS-mutant (KRASm) advanced nonsmall-cell lung cancer (NSCLC) [8] . Selumetinib has also demonstrated activity in pre-clinical KRAS wild-type models, which suggested that SEL þ DOC may provide clinical benefit to patients with NSCLC with activation of the RAS-ERK pathway, independent of a KRAS mutation [5] . Moreover, clinical responses to selumetinib have been reported in patients whose tumours do not harbour KRAS mutations [9] , and at the time of initiation of the present trial, emerging data suggested that combining MEK inhibitors with docetaxel may provide clinical benefit to patients with KRAS wild-type NSCLC [10, 11] . Based on these promising pre-clinical and clinical data, the phase II SELECT-2 trial (NCT01750281) was initiated to compare the clinical benefit of SEL þ DOC with docetaxel monotherapy, in patients with advanced or metastatic NSCLC. The SELECT-2 trial was carried out in parallel to the phase III SELECT-1 trial which failed to show benefit of adding selumetinib to docetaxel for treating patients with advanced KRASm NSCLC [12] . Two patient populations were investigated in SELECT-2: those with KRAS wild-type tumours, and the overall population, including patients with KRAS mutations or wild-type tumours, allowing comparison of effects of the combination and monotherapy between populations.
Patients and methods

Patients
Eligible patients were aged 18 years, with a World Health Organization (WHO) performance status (PS) 0/1, who had disease progression after first-line treatment of locally advanced or metastatic NSCLC due to progression of disease while on first-line therapy or relapse of disease following remission from first-line therapy. Patients were excluded if they had mixed small and NSCLC histology, had received >1 prior anti-cancer drug regimen for advanced or metastatic NSCLC (platinum-based doublet chemotherapy, other single agent anti-cancer therapy, or combination regimen), or had received prior treatment with an MEK inhibitor or any docetaxel containing regimen. Patients were initially enrolled regardless of KRAS mutation status with no testing for mutation status required. However, in September 2013, after trial initiation, a protocol amendment required patients to have a prospectively, centrally confirmed absence of a KRAS mutation (no mutation detected; referred to as KRAS wild-type) using the cobas V R KRAS Mutation Test (Roche Molecular Systems). The amendment was introduced to investigate a population enriched with patients with KRAS wild-type tumours in order to characterize the activity of selumetinib in a robustly defined KRAS wild-type population, in parallel to the SELECT-1 trial exploring the activity of selumetinib in patients with KRAS-mutant NSCLC [12] .
All patients provided written informed consent before any study specific procedures. The study was carried out in accordance with the ethical principles of the Declaration of Helsinki, and the International Conference on Harmonization Good Clinical Practice Guidelines.
Study design
Patients were randomized using an interactive voice/web response system in a 2 : 2 : 1 ratio (Figure 1) A protocol amendment (December 2013) required patients to receive pegylated Granulocyte-Colony Stimulating Factor (G-CSF; pegfilgrastim 6 mg) as a single injection within 24 h following each docetaxel administration, and not within 14 days of the next dose in accordance with local prescribing information. The amendment was introduced in order to reduce the rate of neutropenia and febrile neutropenia observed in the phase II study of SEL þ DOC [8] . Before this, G-CSF could be administered but was not mandated.
Due to protocol amendments (September 2013) regarding KRAS status and patient selection, there were three patient subgroups: KRAS wildtype, KRAS-mutant, and KRAS unknown. All patients were expected to receive up to six docetaxel cycles. The investigator could reduce the number of cycles if significant toxicity developed. If docetaxel was discontinued, patients continued to receive selumetinib/placebo until objective disease progression, intolerable toxicity, or occurrence of another discontinuation criterion. Patients could continue to receive selumetinib/placebo treatment as long as the investigator considered them as continuing to derive clinical benefit in the absence of significant toxicity, and if it did not contravene local practice. Patients experiencing toxicity considered treatment related had a dose reduction or were withheld from further treatment until resolution of the toxicity. Patients initially on docetaxel 75 mg/m 2 were reduced to 55 mg/m 2 , and for initial dose 60 mg/m 2 the dose reduction was to 45 mg/m 2 .
End points and study assessments
The primary objective was to assess efficacy in terms of PFS by investigative site review of computed tomography or magnetic resonance imaging scans, according to RECIST 1.1. Secondary objectives were to further assess efficacy in terms of overall survival (OS), objective response rate (ORR), duration of response (DoR), safety, and tolerability. Tumour evaluations were carried out for all randomized patients at screening and every 6 weeks thereafter until evidence of disease progression by RECIST 1.1, withdrawal of consent, or death. Patients were followed-up for survival status every 8 weeks after treatment discontinuation until withdrawal of consent, death, or the end of the trial. Adverse events (AEs) were recorded as MedDRA (version 18.1) preferred terms and according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE; version 4.0) from the time of informed consent until 30 (67) days after the last treatment dose.
Sample size and statistical analysis
Statistical analyses were carried out using SAS V R Version 9.2, where SEL þ DOC 60 and SEL þ DOC 75 groups were each compared with the PBO þ DOC 75 group. Approximately 225 patients were planned to be randomized between treatment groups to obtain 107 progression events for each treatment comparison (174 events across all treatment groups). In the analyses, a hazard ratio (HR) <1.0 favours SEL þ DOC, and >1.0 favours PBO þ DOC. If the true PFS HR was 0.6 (corresponding to a 1.7 month improvement in median PFS over an estimate of 2.5 months for PBO þ DOC 75), then 174 events would provide 80% power to demonstrate a statistically significant difference for PFS, assuming a 10% two-sided significance level. Assuming that all patients recruited before the protocol amendment to enrol only patients with KRAS wild-type tumours progressed before data cut-off, then 109 out of the 174 events observed at the time of data cut-off will be within the KRAS wild-type subgroup. If the true HR for both comparisons versus placebo is 0.6, this number of events will provide 62.5% power to demonstrate a statistically significant difference for PFS within the KRAS wild-type subgroup, assuming a 10% two-sided significance level.
Efficacy end points were analysed for all patient populations. PFS and OS were analysed using a Cox proportional hazards model. ORR was assessed by investigator assessment and analysed using a standard logistic regression model. DoR and percentage change in tumour size from baseline to week 6 were summarized.
Results
Patient disposition
Between 18 December 2012 and 6 November 2015, 337 patients were enrolled at 55 centres across 8 countries. In total, 212 patients were randomized to SEL þ DOC 75 (n ¼ 84), SEL þ DOC 60 (n ¼ 85), or PBO þ DOC 75 (n ¼ 43), and 211 patients received at least one dose of treatment (Figure 1 ). At the time of data cut-off (27 January 2016) 189 patients (89%) had discontinued selumetinib/placebo.
Patient demographics were well balanced between treatment groups ( centrally confirmed KRAS wild-type, with the proportion of these patients balanced between treatment groups. Of the remaining patients, 44 (21%) were KRASm and 22 (10%) had an unknown KRAS mutation status. Previous anti-cancer therapies were balanced between treatment groups. The majority of patients [187/ 212 (89%)] had received first-line doublet platinum therapies.
Efficacy
At data cut-off, 180 patients had experienced a progression event (85% Figure S1 , available at Annals of Oncology online). KRAS wild-type patients had similar progression status to the overall population, with no improvement in PFS over the PBO þ DOC 75 group with SEL þ DOC 60 (HR: 1.37; 90% CI: 0.89, 2.14; two-sided P ¼ 0.228) or SEL þ DOC 75 (HR: 1.00; 90% CI: 0.65, 1.55; two-sided P ¼ 0.994). Due to the small number of patients with KRASm NSCLC, efficacy end points were not analysed for this subgroup. At data cut-off, 147 deaths had occurred (69% maturity). In the overall population, there was no difference in OS between the PBO þ DOC 75 and SEL þ DOC 60 (HR 1.43, 90% CI: 0.97, 2.13), or SEL þ DOC 75 groups (HR 1.18, 90% CI: 0.8, 1.78) (Figure 3 ). Median OS was 5.7 months with SEL þ DOC 60, 7.7 months with SEL þ DOC 75, and 11.5 months with PBO þ DOC 75, with hazard ratios for OS favouring the control arm. OS in the KRAS wildtype subgroup was similar to the overall population when comparing treatment groups between the two populations.
ORR in the overall population was 33% with SEL þ DOC 75, 18% with SEL þ DOC 60, and 14% with PBO þ DOC 75, with a similar trend observed in the KRAS wild-type population. The improvement in ORR with SEL þ DOC 75 was numerically higher when compared with PBO þ DOC 75 in both the overall Median DoR for the SEL þ DOC 60, SEL þ DOC 75, and PBO þ DOC 75 groups was 108, 136, and 183 days in the overall population, and 133, 127, and 87 days in KRAS wild-type patients, respectively. Percentage change in target lesion size at week 6 from baseline was significantly improved in the SEL þ DOC 75 group compared with the PBO þ DOC 75 group in the overall population (P ¼ 0.02), however, the median DoR was shorter at 136 and 183 days, respectively (Figure 4) . No difference was observed between the SEL þ DOC 60 and the PBO þ DOC 75 groups (P ¼ 0.21). There was no difference in percentage change in target lesion size in the KRAS wild-type subgroup for either of these comparisons. The DoR between SEL þ DOC 75 and PBO þ DOC 75 was comparable (133 and 127 days, respectively), but a lower DoR was observed for the SEL þ DOC 60 group (87 days).
Safety and tolerability
The majority of patients experienced at least one AE (Table 2) , and the frequency of AEs was similar between KRAS mutation subgroups (not shown). The most frequent AEs across treatment groups (supplementary Table S1 , available at Annals of Oncology online) were diarrhoea [41 (49%) patients in the SEL þ DOC 60 group; 38 (45%) in the SEL þ DOC 75 group; 13 (30%) in the PBO þ DOC 75 group], rash [23 (27%), 29 (35%), and 9 (21%) patients, respectively], and oedema peripheral [17 (20%) , 29 (35%), and 8 (19%) patients, respectively]. The most commonly reported grade 3 AE was neutropenia (supplementary Table S1 , available at Annals of Oncology online). Serious AEs (SAEs) of pneumonia and neutropenia were reported in each treatment Original article 
Discussion
The phase II SELECT-2 trial explored the efficacy and safety of selumetinib in combination with two different docetaxel doses. The primary end point of PFS was not met, therefore the hypothesis based on preclinical and clinical evidence that SEL þ DOC provides a clinical benefit in patients with KRAS wild-type advanced NSCLC was not confirmed. Addition of selumetinib to docetaxel treatment did not improve efficacy, which could be due to a large number of deaths in the absence of disease progression in the combination cohorts. This indicates the rapid progression of disease, which prevents imaging and documentation of the disease, or the patient being unable to undergo analytic procedures. Overall outcomes of this trial were broadly similar to those observed in the phase III SELECT-1 trial, in which patients received selumetinib 75 mg b.i.d. or placebo plus docetaxel 75 mg/m 2 on day 1 of every 21 day cycle, which was conducted in parallel with a larger KRASm NSCLC population [12] . The MEK inhibitor trametinib in combination with docetaxel (75 mg/m 2 ) in a phase I/Ib trial for patients with advanced NSCLC (n ¼ 46), had preliminary efficacy in terms of ORR in both KRASm and KRAS wild-type NSCLC, exceeding expectations for either agent alone [13] . There was an indication of cardiac toxicity in the trametinib plus docetaxel combination, with two patients with a history of cardiovascular conditions experiencing Grade 5 AEs of cardiac arrest (n ¼ 1) and cerebrovascular accident (n ¼ 1) [13] . Safety data in the SELECT-2 trial were consistent with historical data for docetaxel, and the emerging safety profile of selumetinib [12] . To compensate for any potential selumetinib augmented toxicity of docetaxel, as observed in the phase II trial of the combination [8] , one group received a lower dose of docetaxel (60 mg/m 2 ). Safety findings were generally similar between the selumetinib-containing treatment groups, and the administration of prophylactic G-CSF resulted in a lower rate of neutropenia, severe neutropenia and febrile neutropenia compared with the phase II combination trial [8] . Although SELECT-2 was not powered for a comparison between the combination arms, data suggest SEL þ DOC 60 did not improve tolerability of the combination and patients may have derived less clinical benefit compared with those receiving SEL þ DOC 75. This is consistent with a study for second-line advanced breast cancer that reported a correlation between the dose of docetaxel and tumour response [14] .
As this trial took place during the period in which anti-cancer immunotherapies were still in development, only three patients had previously received immunotherapy; the majority had received a first-line platinum-based chemotherapy regimen. As the treatment landscape is changing, the emergence of immunotherapy means a limitation of the SELECT-2 trial is that the efficacy and safety of SEL þ DOC following first-line immunotherapy has not been assessed.
KRAS mutations are the most common oncogenic driver in lung cancer, however, effective therapies have yet to be developed. Various mechanisms of RAS-ERK pathway activation, independent of KRAS, could be potential novel targets for therapeutic development including NF1, B-RAF, and receptor tyrosine kinases [7, 15] . A preclinical study using various model cell-lines identified an MEK transcriptome signature [16] , also found expressed in NSCLC tumour tissue samples, which is predictive of sensitivity to selumetinib for an overlapping but distinct population to that identified by KRASm testing [17] . This suggests there could be KRAS wild-type subpopulations that may benefit from MEK inhibitor treatment. BRAF inhibitors decrease activation of the MEK-ERK pathway independently of RAS, and have been investigated in BRAF mutant melanoma [18] . However, BRAF inhibitors paradoxically cause activation of the MEK/ERK pathway, primarily through CRAF activation, which consequently diminishes the therapeutic efficacy [6] . Efficacy of MEK inhibition may be compromised by relief of feedback inhibition that occurs when the pathway is inhibited, and may result in reactivation of the pathway [19] .
SELECT-2 did not demonstrate improved PFS in KRAS wildtype patients, however, there were some patients with a long DoR and 30% decrease baseline tumour size, for which there was no common factor identified. Therefore, along with the outcomes of the SELECT-1 trial in patients with KRASm NSCLC, the importance of assessing novel biomarkers to identify patient subgroups that may benefit from treatment with MEK inhibitors is highlighted. The combined outcome of the SELECT-1 and SELECT-2 trials demonstrates that selumetinib currently does not have a role as a second-line treatment of patients with advanced NSCLC.
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